WHAT'S KNOWN ON THIS SUBJECT: Several studies have revealed an association between cesarean section (CS) and childhood type 1 diabetes. Most of these studies lacked important information on indication for CS and induction of labor. It is unknown whether the reported associations are causal.
Type 1 diabetes (T1D) is increasing in incidence worldwide, 1,2 and the increase is particularly marked in younger children. 3 Environmental factors implicated in the increase in T1D include infections in pregnant women, 4 chemical exposure, 5 increasing maternal age, 6 and variations in vitamin D intake. 7 The hygiene hypothesis proposes that the global increase in incidence of allergy is due to a lack of exposure to childhood infection. 8 Recently, there is increasing recognition of the pivotal role of the microbiome in the development of the immune system. Mode of delivery is a critical step in determining the infant microbiome. Infants born by elective (prelabor) cesarean section (CS) are predominantly colonized by bacteria originating from the hospital environment and maternal skin, whereas those born by vaginal delivery are colonized by bacteria from the mother' s birth canal. Indeed, a recent meta-analysis revealed a 20% increased risk of T1D among children born by CS compared with those born vaginally. 9 With CS rates at the highest ever recorded, 10 any negative effect of CS on the risk of T1D, which is also increasing worldwide would be a public health concern.
Although several studies investigated the effect of CS on the risk of childhood T1D, the majority did not reveal separate estimates for elective and emergency CS. 9 More importantly, all the studies relied on adjusting for statistical covariates to account for confounding factors, which only provides qualified support for causal inference because of an inability to account for unmeasured confounders such as home environment or genetic susceptibility. As randomized controlled trials on the mode of delivery in women are unethical, sibling design studies can provide a valid alternative to draw strong causal inferences. [11] [12] [13] [14] This study compares the risk of T1D among children born by elective CS, and for completeness emergency CS and instrumental vaginal delivery (IVD), with those born by vaginal delivery by using population-based data from the Swedish national registers. To control for genetic and environmental factors that may influence the mode of delivery, as well as the risk of disease outcomes including T1D, sibling control analyses have been undertaken. 12, 15 To our knowledge, this is the first study to use sibling controls to determine the effect of mode of delivery on the risk of T1D.
METHODS

Study Cohort
The study cohort consisted of all singleton live births in Sweden between 1982 and 2009. The study was based on data from the Swedish national registers held by the Swedish National Board of Health and Welfare and Statistics Sweden. Each resident in Sweden is assigned a unique identifier, the Personal Identity Number, which is used uniformly across all services in Sweden. 16 The Personal Identity Number enables the linkage of data from various registers, as well as linkage of data on relatives, such as siblings. Using data from the Swedish Medical Birth Register, we identified almost all children born in Sweden between January 1, 1982, and December 31, 2009 . This register contains obstetric, maternal, and neonatal data on .99% of births in Sweden.
Exposure
Data on obstetric complications were retrieved from the Medical Birth Register. Mode of delivery was classified into unassisted vaginal delivery, IVD (forceps or vacuum extraction), emergency CS, and elective CS. Emergency and elective CS were defined as CS after onset of labor and before onset of labor respectively. Unassisted vaginal delivery included spontaneous and induced vaginal deliveries. However, from 1990, a new variable for the classification of mode of delivery was recorded with more detail than in the previous years including information about whether labor was spontaneous or induced. Although the main aim was to investigate the effect of elective CS and risk of T1D for completeness, we also investigated the association between emergency CS and IVD and risk of T1D. We also explored the confounding effect of gestational age and induction of labor on any observed associations between mode of delivery and childhood T1D.
Outcome Measures
The Swedish National Patient Register contains records of inpatient diagnoses in Sweden since 1964 (full national coverage since 1987) and outpatient diagnoses since 2001. The date of onset of T1D is defined as the date of the first admission to hospital, which led to the diagnosis of T1D. The primary outcome measure in this study was childhood T1D, before 15 years of age, defined according to the International Classification of Diseases (ICD), Eighth Revision (ICD-8; 250); ICD-9 (250); and ICD-10 (E10). Secondary outcome measures included T1D at any age (maximum age was 27 years in the study cohort) and any diabetes diagnosis defined according to ICD-8 (250), ICD-9 (250), and ICD-10 (E10-14). The cohort was followed from the date of birth until the onset of the outcome measure, 15th birthday (for the primary outcome only), death, migration, or December 31, 2009 (end of the study period). The Migration register provided the dates of migration from Sweden, whereas information on date of death was obtained from the Cause of Death register.
Potential Confounders
Data on small for gestational age (SGA), large for gestational age (LGA), gestational age, birth order, preeclampsia, infant gender, maternal age, body mass index (BMI), prepregnancy diabetes, and gestational diabetes were obtained from the Medical Birth Register. Data on maternal education level were obtained from the Education register, which contains information on the residents' highest level of completed formal education.
Statistical Analysis
The statistical analysis to investigate the association between mode of delivery and the risk of T1D was performed in 2 steps. In the first step, log-linear Poisson regression with aggregated person-years was performed by using the study cohort. The Poisson model was adjusted for offspring age as a time-dependent variable, year of birth, gestational age, and maternal prepregnancy diabetes. Further adjustment for birth order, maternal age, BMI, country of birth, education, gestational diabetes, SGA, LGA, and preeclampsia did not change the results materially and were excluded from the models. These variables were included in the Poisson model as described in Table 1 . The second step aimed to adjust for unmeasured familial environmental and genetic confounding factors shared by the siblings by using sibling control analyses, which was analyzed with conditional logistic regression with the mother as the grouping variable. 15 This analysis included the first 2 children of the mother, and therefore some of these siblings may have had different fathers, who were discordant for mode of delivery and T1D diagnosis. In addition, the conditional logistic models were restricted to pairs of siblings where the control was under follow-up and T1D free at the age that the sibling with T1D was diagnosed. In this analysis, only siblings discordant for mode of delivery, as well as T1D contributed to the estimates of interest. However, sibling pairs concordant for mode of delivery were included in the analysis as they contribute to the covariate estimates. The conditional logistic regression was adjusted for the same variables as in the Poisson model apart from the maternal country of birth, which was the same for both siblings. The final conditional logistic models were adjusted for year of birth, maternal prepregnancy diabetes, and gestational age as the other variables did not change the results materially. The statistical analyses were performed for childhood T1D, any T1D, and all diabetes in the cohort.
Sensitivity analyses were performed by excluding children who were SGA, LGA, preterm birth, and those of women with preeclampsia. Finally, we performed the cohort and sibling control analyses for the primary outcome restricting to births from 1990 onwards when the coverage of the national registers was complete and the recording variable for mode of delivery was changed including information on induction of labor. This restriction allowed us to investigate the impact of induction of labor on the T1D and also whether the association between mode of delivery and T1D was dependent on induction of labor. The mode of delivery variable was modified for this analysis to include induction of labor as a separate category. All statistical analyses were performed by using Stata 10.0 (Stata Corp, College Station, TX).
Permission for the study was obtained from the Regional Ethical Review board in Stockholm, Sweden. T1D) siblings of which 2200 (1100 with T1D) siblings were discordant on both mode of delivery and T1D. Of the 10 428 children with T1D, 1300 were excluded because the birth order was .2, 1936 because the child had no siblings, 797 because the control had shorter follow-up than the case, and 308 because the sibling pair was not discordant on T1D. Of the remaining 6087 children with childhood T1D, only 1100 were discordant on mode of delivery.
RESULTS
There
The results of the association between mode of delivery and childhood T1D are presented in When the Poisson and conditional logistic regression models were repeated for the association between mode of delivery and any T1D (ie, with no age restriction, and any diabetes mellitus in the offspring), the results were consistent with those of childhood T1D (Tables 3 and 4) . However, the RR of the association between emergency CS and any DM was not statistically significance in the sibling analysis (RR = 1.14 [95% CI: 0.96-1.36]).
DISCUSSION
This study investigated the association between mode of delivery and the risk of T1D in a large population-based cohort of children born over 3 decades. There was a small but statistically significant association between elective, but not emergency, CS and childhood T1D. There was also a similar association between IVD and T1D. The associations were independent of maternal and gestational diabetes and several other maternal and obstetric variables. However, siblings within the same family who were delivered by different modes of delivery did not differ with their risk of childhood T1D. These results were consistent for childhood T1D, any T1D, and any diabetes mellitus. However, 95% of the cases were T1D, which suggests the results are mostly applicable to T1D and should not be generalized to T2D without further research. Moreover, the sibling analysis findings should be interpreted with caution considering the wide CIs. Therefore, the present findings suggest that familial confounding may account for the elevated risk of T1D among children who were delivered by elective CS or IVD. Although the association between elective CS and IVD and T1D cannot be ruled out, the present findings are not consistent with a causal effect of mode of delivery on the risk of T1D. This may reflect the lack of information, and hence the lack of adjustment, on genetics and the lifestyle of the children in this cohort. For example, the family diet, lifestyle, and genes that are shared by the siblings may partly explain the observed association between mode of delivery and T1D in the cohort analyses. Such explanations should be considered with caution, as the observed associations in the cohort analyses were small. 15 Gestational age was 1 of 2 main confounders in both the cohort and sibling analyses. Gestational age appeared to affect the association between elective CS and T1D but not emergency CS or IVD and T1D. This may reflect the fact that elective CS is usually performed 1 week or more before the estimated date of delivery to avoid labor, whereas emergency CS and instrumental vaginal deliveries usually occur during spontaneous or induced labor and are thus more likely to occur closer to or after the estimated date of delivery.
Comparisons With Other Studies
The majority of previous studies on the association between CS and T1D did not reveal separate estimates for elective and emergency CS. The present findings based on the cohort analysis suggest that the magnitude of the association between CS and T1D is lower than that observed in a recent metaanalysis. 9 The meta-analysis suggested a 23% increased risk of childhood T1D in relation to CS by using data from 20 studies published before 2008. Two case-control studies using Swedish and Danish data revealed ∼30% increased risk of T1D among children delivered by CS. 17, 18 More recently, Phillips et al 19 conducted a matched case-control study by using a Canadian diabetes database and reported a 40% increase in the risk of childhood T1D in children delivered by CS (elective and emergency combined together). A case-control study using data from Scotland revealed a 70% increased risk of T1D among children delivered by CS although most of the association appeared to be related to elective CS. 20 The study was based on children born in 1975-1976, whereas the present findings are based on 3 decades. A recent Australian study of more than half a million children revealed a ∼30% increased risk of T1D before age 6 years among children born by emergency or elective CS. 14 However, several previous studies on the topic revealed no association between CS and childhood T1D 21 including a very large cohort study from Norway. 22 
Strengths and Limitations
The current study has several strengths. First, the study was based on a very large population-based data of 2.6 million children born in Sweden, which provided adequate statistical power. Second, the data obtained from the national registers were prospectively collected; therefore, the data on the outcome, exposure, and potential confounders are not subject to recall bias. Third, unlike several previous studies on the topic, we were able to classify elective and emergency CS deliveries separately. This classification is crucial for understanding possible mechanisms of any observed associations between CS and T1D. 23 Fourth, the T1D diagnoses were based on ICD-8, 9, and 10 with a known and 24 Fifth, we were able to adjust for several potential confounders, which were adjusted for in previous studies. However, maternal diabetes and gestational age appeared to be the only confounders in this study. Sixth, in addition to the conventional cohort analyses, sibling control analyses were performed. Statistical models of sibling pairs discordant for exposure and outcome allowed us to adjust for unmeasured factors that are shared by siblings such as family environment, diet, lifestyle, maternal characteristics, and genetic factors. The current study had several limitations. First, we used data on all births from 1982 and complete nationwide coverage was not achieved until 1987. However, our sensitivity analyses revealed that restricting the data to births from 1990 onwards were consistent with the overall results. Second, although the cohort analyses were based on the largest cohort of children, to date, the sibling analyses were based on a small number of pairs of siblings because of the fact that only siblings discordant on both mode of delivery and T1D contributed to these analyses. Third, although we had access to several potential confounders, there was lack of data on several others. For example, we had no data on maternal life style during pregnancy such as physical activity, diet, and weight gain. Furthermore, we had no data on parental and family lifestyle such as family diet and attitude to acquiring health care. However, the risk of residual confounding was reduced by the sibling control analyses. Sibling control analytical methods are effective in adjusting for unobserved familial characteristics thataresharedbysiblings.However,these methods cannot rule out unmeasured confounding factors that simultaneously vary between siblings. Fourth, the siblings in this study shared the same mother; therefore, some of the siblings may be half siblings. This fact would limit the efficiency of the sibling control analyses because half siblings share only half of their genetic background. However, although it could be hypothesized that the paternal environmental and genetic factors may influence the risk of T1D, it is harder to hypothesize that such factors could influence the mode of delivery.
Mechanisms
There are several plausible explanations for an association between elective CS and T1D. The gut microbiota profile is established at birth. Vaginally born infants are exposed to bacteria found in the maternal birth canal and rectum that are ingested during the delivery and colonize the neonatal GI tract. 25 Children born by CS (in particular by elective CS) may not be exposed to these bacteria and instead are colonized by bacteria from the mother's skin and hospital environment, which results in them having a distinctly different gut microbiota profile compared with children born via vaginal delivery. [25] [26] [27] These disturbed microbiota profiles are present 1 day after birth and can persist for many years. 27 It is hypothesized that the risk of T1D could be increased in children born by elective CS because of the different microbiotic composition. 28 However, the findings from the sibling control analysis suggested that the association between elective CS and T1D is not causal. Children born by IVD are exposed to microflora and were at increased risk of T1D. Therefore, the gut microbiota is unlikely to play a role in the observed associations at the cohort level. Similarly, the hygiene mechanism is unlikely to play a role in the observed association, considering the lack of evidence for a causal association. 29 Similarly, the association between IVD and T1D appeared to be noncausal and therefore is likely to be explained by maternal or environmental factors.
CONCLUSIONS
This study demonstrates that children delivered by elective CS or IVD have a small increased risk of T1D. The sibling control analyses, however, suggested the associations were not causal and may be explained by familial or environmental or genetic factors that are shared by the siblings. The present findings have major implications for how to counsel women regarding mode of delivery choice.
